The prevalence of dementia is expected to increase markedly during the coming decades. Epidemiological studies involving the National Cause of Death Registry (NCDR) may be useful for exploring the aetiology of dementia. We therefore wanted to study developments in the reporting of dementia in the NCDR over the last four decades. Methods: We calculated the age-and gender specific proportion of deaths with dementia reported in the NCDR (dementia deaths) in the period 1969-2010, and the proportion of vascular dementia and Alzheimer's disease deaths in 1986-2010. Separate analyses were done for deaths occurring in nursing homes in 1996-2010. The proportion of dementia deaths where dementia was coded as underlying cause of death was also calculated. Results: The proportion of dementia deaths increased more than threefold in the period 1969-2010 among women (from 4% to 15%), and more than doubled among men (from 3% to 7%). In nursing homes the proportion increased from 17% to 26% for women and from 13% to 18% for men. The proportion of dementia deaths with Alzheimer's disease reported in the NCDR increased from practically zero in 1986 to a maximum of 28% in 2005. The proportion of dementia deaths with dementia as underlying cause of death increased from a minimum of 6% in 1972 to a maximum of 51% in 2009. Conclusion: Although the reporting of dementia in the NCDR increased markedly from 1969 to 2010, dementia is still under-reported for old people and for deaths occurring in nursing homes when compared to prevalence estimates.
INTRODUCTION
The prevalence of dementia is difficult to estimate (1), but in 2010 there were probably about 70,000 persons with dementia in Norway (2) . About 50-70% of all dementia cases are generally assumed to be Alzheimer's disease (AD) (3) . Dementia is strongly related to age, with the prevalence in western Europe varying from about 1-2% in the age group 65-69 years to about 25% (4) or 35% (2) in the age group 85+. Some studies indicate that the prevalence of AD is higher in women than in men, whereas vascular dementia is more equally distributed between the genders (5, 6) .
Tomorrow's elderly may have lived healthier lives than yesterday's elderly, which may make them less susceptible to dementia, in particular to vascular dementia. In a Swedish study, the prevalence in the age group 85+ increased in the period 2000/2002 to 2005/ 2007 (7) , whereas a Dutch study suggested a decrease in prevalence in all age segments from 1990 to 2000 (8) . But as the number of old people is expected to increase drastically during the coming decades -Statistics Norway expects the number of people aged 67 years and older to double over the next 40-50 years in Norway (9) -a marked increase in the prevalence of dementia can be expected. There is therefore an urgent need to find new clues to the aetiology of dementia, and epidemiological studies involving central health registries like the National Cause of Death Registry (NCDR) may be useful for this purpose (10). Knowledge of the developments in the reporting of dementia diagnoses in the NCDR is therefore important.
Most demented people in Norway end their lives in nursing homes, and most people in Norwegian nursing homes have dementia (11) . Still, many of them do not have a dementia diagnosis. In a study from 2007, 81% of 1163 patients in 26 Norwegian nursing homes had dementia according to the Clinical Dementia Rating (CDR) Scale, but only 55% of those with dementia according to CDR had a dementia diagnosis in their records (11) . An even lower percentage could be expected to have dementia reported on the death certificate (12) .
The aim of the present work was to study how the coding of dementia in general -and AD and vascular dementia in particular -in the NCDR developed in the period from 1969 to 2010. We also studied trends in the coding of the diagnosis of dementia as underlying cause of death over the period. Finally, we wanted to study to which degree the higher prevalence of dementia in nursing homes than in the general population was reflected in the NCDR. 
MATERIALS AND METHODS
The present study is based on data from the NCDR. In Norway all death certificates are originally filled out by the local medical practitioners (see (13) for a death certificate template with guidelines), and then controlled and coded for the NCDR by Statistics Norway. In the coding process, the information on the death certificates is translated into ICD (International Classification of Diseases) codes. All deaths in the NCDR have an underlying cause (the illness or injury that started the sequence of conditions that led to death, or the outer circumstances of the accident or act of violence that caused the lethal injury). Most deaths also have one or more contributory causes coded. The maximum number of contributory causes coded in the NCDR was two in 1956-68 (ICD-7), three in 1969-95 (ICD 8-9), six in 1996-2004 (ICD-10), and from 2005 onwards there was no upper limit (the data program ACME -Automated Classification of Medical Entities -has been used since 2005 to choose the underlying cause of death from all causes mentioned on the death certificate, based on logical rules developed by the WHO).
In 2003 there was a change in the national regulations for coding of causes of death, based on a list made by the WHO of diagnoses which may cause pneumonia, and therefore should be preferred to pneumonia as the underlying cause of death. Senile dementia was one of these diagnoses (14, p. 12). ICD-7 had no specific coding for dementia, and deaths before 1969 have therefore not been included. The codes used for dementia in ICD 8-10 are given in Table 1 . From 1996 (ICD-10), location of death was available, with nursing home as one alternative. More details on the history of the NCDR are given in e.g. (15) .
We have calculated the age-and gender-specific proportion of deaths with any kind of dementia coded in the NCDR from 1969 through 2010, and with vascular dementia or AD coded from 1986. Separate analyses were done from 1996 for deaths occurring in nursing homes.
RESULTS
In the study period 1,785,291 deaths were registered, of which 859,799 (48%) were women ( Table 2 ). In women the proportion of deaths with dementia coded in the NCDR increased from 4% in 1969 to 15% in 2010 ( Figure 1 ). The corresponding increase in men in the same time period was more modest, from 3% to 7%. For the oldest age groups of the women the proportion was relatively constant in the 1970s, followed by an increase in the 1980s, a more stable period in the 1990s, and finally a marked increase in the 2000s. In the oldest male age groups there was only a modest increase from 1969 to about 2000, followed by a more marked increase after 2000.
In the period 1996-2010, 249,941 deaths took place in nursing homes (39% of all deaths and 84% of all dementia deaths; Table 2 ), and of them 155,568 (62%) were women. Also for these deaths the proportion with dementia coded in the NCDR increased, from 17% to 26% in women and from 13% to 18% in men ( Figure  1 ). 77% of all nursing home deaths occurred at age 80 or older.
ICD-9 and ICD-10 (from 1986 onwards) had specific codes for subtypes of dementia (Table 1 ). In this period 1,093,665 deaths occurred. Of these, 79,633 (7.3%) had dementia coded in the NCDR, and AD was reported in 13,633 cases (1.2%) (cf. Table 2 ). The proportion of dementia deaths with AD coded increased from practically zero in 1986 to 28% in 2005, and then declined slightly between 2005 and 2010 ( Figure 2 ). The proportion with AD was much higher in the youngest age groups ( Figure 2 ), but was relatively indepen- Table 2 . From left to right for each time period: Number of deaths, percent women, percentage of all deaths that had dementia (general and specific types, cf. Table 1 ) coded in the NCDR, percentage of dementia deaths that had specific types of dementia coded in the NCDR. More than one sub-type may be coded for each death. Men ICD−8 ICD−9 ICD−10 Women ICD−8 ICD−9 ICD−10
ICD
Year of death Proportion of deaths with a dementia code in the NCDR (%) AD = Alzheimer's disease dent of gender (data not shown). For the youngest age groups most of the increase in frequency of the Alzheimer's diagnosis occurred in the ICD-9 period, i.e. 1986-1995, and for those who died 70 years or younger, a decreasing trend was observed in the ICD-10 period. For those aged 80 or older at death, most of the increase in the prevalence of AD occurred between 1995 and 2005. The proportion of dementia deaths with vascular dementia coded in the NCDR increased only slightly in the period 1986-2010 ( Figure 2) . The proportion of all deaths with vascular dementia coded in the period 2005-2010 was similar for men and women in all age groups (Table 3) , whereas the proportion of AD and other dementia types was higher in women in all age groups ( Table 3) .
The use of a dementia diagnosis as the underlying cause of death in deaths with dementia coded in the NCDR increased drastically from a minimum of 6.2% (N = 88) in 1972 (both genders joined together) to a maximum of 50.6% (N = 2242) in 2009 ( Figure 3 ). There are two major leaps in the dementia curves in Figure 3 , one following the introduction of ICD-9 in 1986, the other following the national revision of the 
Year of death Proportion of dementia deaths with CVD / pneumonia / dementia as underlying cause of death (%) directions for coding of causes of death in 2003 (14, p. 12). In both cases, there was a corresponding decrease in the use of pneumonia as the underlying cause of death, and in both cases it was senility-related dementia diagnoses that increased most (Figure 4 ). After the revision in 2003, pneumonia has seldom been used as underlying cause in dementia deaths (Figure 3 ).
DISCUSSION
Although the prevalence of dementia diagnoses in the NCDR roughly tripled from 1969 to 2010, there was still an apparent underreporting in 2010. It should be noted, though, that there is no one-to-one relationship between the following three factors: i) having demen-tia at the time of death, ii) having dementia reported on the death certificate, and iii) having dementia coded in the NCDR. Ideally, there should be a one-to-one relationship between ii) and iii), but not between i) and ii) since it is not required to register a disease on the death certificate unless it is relevant as a cause of death (16, § 4.1.1). Dementia may for example be irrelevant in deaths from traffic accidents. As regards the relationship between death certificates and the NCDR, the number of contributory causes coded in the NCDR was limited in the early versions of ICD, and it might therefore in some cases have been impossible to include all information on the death certificates into the NCDR. The upper limit of contributory causes in the NCDR increased from three in ICD-8 (1969-85) to six in ICD-9 (1986-95). However, there was no discontinuity in the dementia prevalence in the NCDR between 1985 and 1986, indicating that this has not been a real problem in our data. We may thus assume that the prevalence of dementia on death certificates is well reflected by the prevalence of dementia in the NCDR during the period we have considered. Also, when comparing dementia prevalence in the NCDR with prevalence estimates of dementia in the general population it should be kept in mind that the latter are uncertain. For example, the estimates in (2) of 31.7% and 40.7% in the age groups 85-89 and 90+, respectively, are much higher than the estimate in (4) for Western Europe of 24.8% in the age group 85+.
The proportion with dementia coded in the NCDR roughly tripled from the 1970s to 2010. In the age groups 70-74 and 75-79 years the proportion in 2005-2010 was actually somewhat higher than the population estimates in both the Delphi consensus study for Western Europe (4) and in a report from the Norwegian Directorate of Health and Welfare (2). This does, however, not necessarily imply an over-reporting of dementia in the NCDR, as the prevalence of dementia among dead 70-79 year olds might be higher than among living 70-79 year olds. In the older age groups the prevalence of dementia coded in the NCDR was lower than earlier reported population estimates (2,4)in particular compared to the estimates of 18% and ~35% in the age groups 80-84 and 85+, respectively (2) . The fact that the proportion was still increasing in 2010 for the oldest age groups (Figure 1 ) also indicates an under-reporting of dementia in the NCDR for these age groups.
The discrepancy between the NCDR and prevalence estimates was even larger in the nursing home population (23% had dementia coded in the NCDR in 2010, compared to an estimated dementia prevalence in nursing homes in 2005 of about 80% (11) ). This may be partly explained by the finding that many people with dementia in nursing homes do not have a dementia diagnosis (11) , but probably many of those who actually have a diagnosis also fail to get dementia noted on the death certificate. A study comprising 92 deaths in 10 nursing homes in the Oslo area in 1990-91 reported a sensitivity of 38% for recording dementia on the death certificate compared with CDR (12) .
An under-reporting of dementia on death certificates (low sensitivity) has also been reported in other countries (17) (18) (19) . The specificity of dementia on death certificates, on the other hand, seems to be good. A Swedish study reported a specificity of 100% for the national cause of death registry, but a sensitivity of only 28% (20) . The low sensitivity may be explained by doctors being reluctant to use the dementia diagnosis on the death certificate, for instance if the patient has not being assessed for a dementia diagnosis when alive.
The higher prevalence of dementia on death certificates in women than in men -in particular for AD and other non-vascular types -probably reflects a higher dementia prevalence in women in the general population (5, 6) .
Although the reporting of AD on death certificates was dramatically higher in 2010 than in 1996, 25% of all dementia deaths is still a low proportion compared to the population estimate of 50-70% (3), and it has actually been slightly decreasing since 2005. There could be many reasons for this. First, we would argue that still many physicians do not recognize dementia in persons above the age of 75 years to be caused by AD. Since many of the oldest have several disorders that may lead to cognitive and functional impairments, many physicians would rather like to use the term unspecified dementia or simply omit to report dementia. Second, as many old patients in nursing homes with severe signs of dementia do not have a dementia diagnosis in their records, the physician that writes the death certificate will not report such a diagnosis (11) .
According to changes in the national directions for coding of causes of death in 2003, senile dementia was from then on to be preferred before pneumonia as underlying cause (14, p. 12). The implementation of this change was evidently successful, as there were very few dementia deaths after 2002 with pneumonia as underlying cause, and the increase in dementia as underlying cause mainly came from an increase in senility-related dementia diagnoses.
There are specific diagnoses for senility in versions 8, 9, and 10 of ICD (Table 4 ). In an earlier study of dementia deaths in Norway in the period 1969-1983 (ICD-8), the diagnosis of senility was also considered (21) . Some dementia deaths in our study might have been coded as senility, but if we had included all senility diagnoses as dementia, the proportion of dementia deaths for all ages in Figure 1 would only have increased by 0.5-1 percentage points in men and 1-2 percentage points in women in the ICD-8 and ICD-9 periods (data not shown). In the ICD-10 period, however, including senility diagnoses as dementia would have increased the dementia prevalence by 2-3 and 5-7 percentage points in men and women, respectively (data not shown). Due to this discontinuity in the use of senility as a contributory cause between ICD-9 and ICD-10 (see also Table 4 ) senility was not included in the present study.
The under-reporting of dementia on death certificates and in the NCDR have implications for epidemiological studies of risk factors for dementia where dementia death is used as a surrogate for dementia, depending on whether the under-reporting is random or not. For example, if it is more likely that a demented non-smoker than a demented smoker has dementia reported on the death certificate, the risk of dementia associated with smoking would be under-estimated. In case of random under-reporting, associations would be biased towards the null hypothesis due to loss of power. However, whether the under-reporting actually is random, we normally do not know ('under-reporting' in the context of risk factor analysis means that the number of deaths with dementia coded in the NCDR is smaller than the number of deaths where the dead had dementia. In this meaning of the word there would be some extent of under-reporting even though dementia was coded in all deaths where it was relevant).
CONCLUSION
There has been a marked increase in reporting of dementia on death certificates during the last four decades -in particular as underlying cause of deathbut in 2010, still many old persons with dementia died without having dementia reported on the death certificate. Even though estimates of dementia in the general population are uncertain, the large discrepancy between prevalence estimates and cases reported on death certificates in nursing homes clearly indicates an underreporting in the oldest age groups. The agreement between population prevalence estimates and death certificates was better for deaths occurring before the age of 80. Reporting of AD on death certificates increased markedly from 1986 to 2005, and has been relatively stable since then, but at a low rate compared to the estimated prevalence in the population.
